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THREE PHASE INDUCTION MOTOR



A three phase induction motor runs on a three phase AC 
supply. 3 phase induction motors are extensively used 
for various industrial applications because of their 
following advantages -
They have very simple and rugged (almost unbreakable) 
construction

 they are very reliable and having low cost

 they have high efficiency and good power factor

minimum maintenance required

3 phase induction motor is self starting hence extra 
starting motor or any special starting arrangement is not 
require

INTRODUCTION:




MAJOR PARTS:

STATOR:
The stator of a 3 phase IM (Induction Motor) is made up with number of stampings, and these 

stampings are slotted to receive the stator winding. The stator is wound with a 3 phase winding 

which is fed from a 3 phase supply. It is wound for a defined number of poles, and the number of 

poles is determined from the required speed. 

For greater speed, lesser number of poles is used and vice versa. When stator windings are 

supplied with 3 phase ac supply, they produce alternating flux which revolves with synchronous 

speed. The synchronous speed is inversely proportional to number of poles (Ns = 120f / P). This 

revolving or rotating magnetic flux induces current in rotor windings according to Faraday's law 

of mutual induction.

CONSTRUCTION DETAILS





Rotor:
Types:
Squirrel cage Rotor:
Phase Wound Rotor:

Squirrel cage Rotor:
Most of the induction motors (upto 90%) are of squirrel cage type. Squirrel cage 
type rotor has very simple and almost indestructible construction. This type of 
rotor consist of a cylindrical laminated core, having parallel slots on it. These 
parallel slots carry rotor conductors. In this type of rotor, heavy bars of copper, 
aluminum or alloys are used as rotor conductors instead of wires.
Rotor slots are slightly skewed 
Advantages -
1. it reduces locking tendency of the rotor, i.e. the tendency of rotor teeth to 
remain under stator teeth due to magnetic attraction.
2. increases the effective transformation ratio between stator and rotor
3. increases rotor resistance due to increased length of the rotor conductor





Phase Wound Rotor:
Phase wound rotor is wound with 3 phase, double layer, distributed winding. The

number of poles of rotor are kept same to the number of poles of the stator. The

rotor is always wound 3 phase even if the stator is wound two phase.

The three phase rotor winding is internally star connected.

The other three terminals of the winding are taken out via three insulated sleep rings 

mounted on the shaft and the brushes resting on them. These three brushes are 

connected to an external star connected rheostat. This arrangement is done to 

introduce an external resistance in rotor circuit for starting purposes and for 

changing the  speed / torque characteristics.

When motor is running at its rated speed, slip rings are automatically short circuited

by means of a metal collar and brushes are lifted above the slip rings to minimize

the frictional losses.





Three phase AC supply given to IM produces a constant amplitude Rotating Magnetic Field-RMF 

"Production of rotating magnetic field using 3 phase supply. which rotates at synchronous speed 

with respect to stator.

 This field cuts the rotor conductors (which are stationary initially) and induces an emf (as per 

Faraday's law of electromagnetic induction).

 Emf drives current in rotor conductors as they are short circuited.

 So now we see that current carrying conductors of rotor are placed in a magnetic field, hence force 

acts on each of these conductors

 The resultant of forces on all the conductors produces a rotating effect on the rotor .

 n IM, cause is 'rotating magnetic field cutting rotor conductors or the flux cutting action' & end 

effect is the 'torque'.

 So, for effect (torque ) to oppose the cause (flux cutting action), torque produced makes the rotor 

rotate in the same direction as that of the RMF.

Priniciple of Operation:




Slip can be defined as the difference between the flux speed (Ns) and the rotor

speed (N). Speed of the rotor of an induction motor is always less than its

synchronous speed. It is usually expressed as a percentage of synchronous

speed (Ns) and represented by the symbol ‘S’.

Concept of slip:




 Fr=sF , 

 Fr=Rotor frequency = slip times supply frequency

 E2r=sE2

 Emf induced in rotor during running = slip times 
emf induced in standstill condition.

 I2r=sI2

 X2r=sX2

Effect of slip on Rotor 
parameters:





Torque equation :









Types of torque:





Synchronous Watt:




 The equivalent circuit of any machine shows the various parameter of the machine such as its 

Ohmic losses and also other losses. The losses are modeled just by inductor and resistor. The 

copper losses are occurred in the windings so the winding resistance is taken into account. Also, 

the winding has inductance for which there is a voltage drop due to inductive reactance and also 

a term called power factor comes into the picture. There are two types of equivalent circuits in 

case of a three-phase induction motor.

Equivalent Circuit:





 Here, R1 is the winding resistance of the stator. X1 is the inductance of the stator winding. Rc

is the core loss component. XM is the magnetizing reactance of the winding. R2/s is the power 

of the rotor, which includes output mechanical power and copper loss.

Approximate Equivalent Circuit
The approximate equivalent circuit is drawn just to simplify our calculation by deleting one node.

The shunt branch is shifted towards the primary side. This has been done as the voltage drop

between the stator resistance and inductance is less and there is not much difference between the

supply voltage and the induced voltage.

The magnetic circuit of induction motor has an air gap so exciting current is larger compared to

transformer so exact equivalent circuit should be used.

The rotor and stator inductance is larger in induction motor.

In induction motor, we use distributed windings.





The magnetic circuit of induction motor has an air gap so exciting current is

larger compared to transformer so exact equivalent circuit should be used.

The rotor and stator inductance is larger in induction motor.

In induction motor, we use distributed windings




There are two types of losses occur in three phase induction motor. These losses are,

 Constant or fixed losses,

 Variable losses.

Constant or Fixed Losses

 Constant losses are those losses which are considered to remain constant over
normal working range of induction motor. The fixed losses can be easily obtained
by performing no-load test on the three phase induction motor. These losses are
further classified as- Iron or core losses,

 Mechanical losses,

 Brush friction losses.

Variable losses:
These losses are also called copper losses. These losses occur due to current  
flowing in stator and rotor windings. As the load changes, the current flowing in 
rotor and stator winding also changes and hence these losses also changes. 
Therefore these losses are called variable losses. 

Losses and Efficiency:




 Efficiency is defined as the ratio of the output to that 

of input,

 Rotor efficiency of the three phase induction motor  
= Gross mechanical power developed / rotor input.

 Three phase induction motor efficiency= power 
developed  at the shaft/power input to the motor.

Efficiency  





Power Stage Diagram





Torque Slip 
Characteristics








Generating and Motoring Mode





Motoring Mode:

 In this mode of operation, supply is given to the stator sides and the motor

always rotates below the synchronous speed. The induction motor torque varies

from zero to full load torque as the slip varies. The slip varies from zero to one.

It is zero at no load and one at standstill. From the curve it is seen that the

torque is directly proportional to the slip.

Generating Mode

 In this mode of operation induction motor runs above the synchronous speed

and it should be driven by a prime mover. The stator winding is connected to a

three phase supply in which it supplies electrical energy. Actually, in this case,

the torque and slip both are negative so the motor receives mechanical energy

and delivers electrical energy. Induction motor is not much used as generator

because it requires reactive power for its operation

Braking Mode

 In the Braking mode, the two leads or the polarity of the supply voltage is

changed so that the motor starts to rotate in the reverse direction and as a result

the motor stops. This method of braking is known as plugging. This method is

used when it is required to stop the motor within a very short period of time.





Load Test:









Load Characteristics



 Importance

Circle Diagram:

The  diagram provides information which is not provided by an ordinary 
phasor diagram. A phasor diagram gives relation between current and voltage 
only at a single circuit condition. If the condition changes, we need to draw the 
phasor diagram again. But a circle diagram may be referred to as a phasor
diagram drawn in one plane for more than one circuit conditions. On the 
context of induction motor, which is our main interest, we can get information 
about its power output, power factor, torque, slip, speed, copper loss, efficiency 
etc. in a graphical or in a diagrammatic representation.












 Rotor of a double squirrel cage motor has two independent cages on 

the same rotor. The figure at left shows the cross sectional diagram 
of a double squirrel cage rotor.

 Bars of high resistance and low reactance are placed in the outer 
cage, and bars of low resistance and high reactance are placed in the 
inner cage. The outer cage has high 'reactance to resistance ratio' 
whereas, the inner cage has low 'reactance to resistance ratio'

Double Cage Rotor:




 At starting of the motor, frequency of induced emf is high because of large slip

(slip = frequency of rotor emf / supply frequency). Hence the reactance of inner
cage (2πfL where, f = frequency of rotor emf) will be very high, increasing its
total impedance. Hence at starting most of the current flows through outer cage
despite its large resistnace (as total impedance is lower than the inner cage). This
will not affect the outer cage because of its low reactance. And because of the large
resistance of outer cage starting torque will be large.

As speed of the motor increases, slip decreases, and hence the rotor frequency 
decreases. In this case, the reactance of inner cage will be low, and most of the 
current will flow through the inner cage which is having low resistance. Hence 
giving a good efficiency.

When the double cage motor is running at normal speed, frequency of the 
rotor emf is so low that the reactance of both cages is negligible. The two cages 
being connected in parallel, the combined resistance is lower.

Working:





Characteristics:





Induction Generator:





Synchronous Induction 
Motor:


